Cells of the gram-negative bacterium Aquaspirillum magnetotacticum, when suspended in buffer and freeze-thawed, produced pinkish orange supernatant fluid. The fluid contained .2.0% of total extractable outer membrane component 2-keto-3-deoxyoctonate or of the cytoplasmic membrane marker succinic dehydrogenase. Electrophoretic banding patterns and difference spectra of proteins and hemoproteins released by freeze-thawing cells were distinct from those of membrane-associated substances and similar to those of periplasmic substances obtained by applying conventional fractionation methods to this organism. 
Freeze-thawing (FT) is undoubtedly important in defining indigenous soil bacteria populations in temperate regions. Morley et al. (11) observed a 40 to 60% decrease in bacterial viability in sandy loam soil as a direct result of FT. FT is known to have a profound effect on bacterial cells and is often used as a pretreatment for cell disruption (18, 19) . Responses of gram-negative cells depend upon the cell genotype (3) , the menstruum in which they are suspended, and the FT rates (4) . Outer sheath material from an oral spirochete has been isolated by FT (10) . Calcott and MacLeod (4) found that freeze-thawed lactose-limited Escherichia coli cells released considerable amounts of the periplasmic enzyme cyclic phosphodiesterase but not the cytoplasmic enzyme glucose-6-phosphate dehydrogenase. A small, constant quantity (10 to 15% of total activity) of ,B-galactosidase (normally cytoplasmic) released was attributed to a possible periplasmic form of this enzyme.
Periplasmic substances of E. coli have been separated from other cellular components by osmotic shock and spheroplast formation (12 in at least 10 pellet volumes of 50 mM potassium phosphate buffer (pH 6.8) or 10 mM HEPES buffer (pH 7.4). Cells from a single 40-liter culture were suspended in 100 ml of potassium phosphate buffer or HEPES buffer, and equal portions were fractionated by the procedures described below.
The FT technique consisted of storing washed resuspended cells at -20°C overnight. The freezing rate was 0.7°C min-1. The sample was thawed at room temperature, and cells were pelleted by centrifugation (10,000 x g, 15 min, 5°C). The pinkish orange supernatant fluid was clarified by ultracentrifugation (100,000 x g, 1 h, 50C) and concentrated by membrane dialysis (Spectrapor membrane tubing; 6,000 to 8,000 molecular weight cutoff; Spectrum Medical Industries, Inc., Los Angeles, Calif.) on a bed of solid-flake polyethylene glycol (molecular weight, 20,000; J. T. Baker Chemical Co., Phillipsburg, N.J.) at 4°C. Periplasmic proteins were obtained by two methods: osmotic shock (12) and chloroform extraction (1) . The method of Schnaitman (19) was also used to separate outer membrane proteins, cytoplasmic membrane proteins, and soluble (cytoplasm and periplasm) proteins. Cells were disrupted in a French press (10,000 lb/in2) before treatment with 2% (vol/vol) Triton X-100 and 10 mM MgCl2 in 10 mM HEPES buffer (pH 7.4). Each fraction was dialyzed overnight at 40C against HEPES buffer before analysis.
The relative activity of succinic dehydrogenase (SDH), an integral enzyme of the cytoplasmic membrane (5, 7), and the concentration of 2-keto-3-deoxyoctonate (KDO), a constituent of outer membrane lipopolysaccharide, were used as indices of the purity of cell fractions (9) . Proteins and molecular mass standards (Bio-Rad Laboratories, Richmond, Calif.) were solubilized and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (16) and stained with silver (14) . Spectra of air-oxidized soluble protein fractions were subtracted from spectra of dithionitereduced soluble protein fractions, both of which were at room temperature, as previously described (15 Electrophoretograms of each soluble fraction (Fig. 1,  lanes 4 to 7) exhibited similar protein-banding patterns. In each of these fractions, more than 60 proteins were evident, including several major proteins with molecular masses ranging between 28,000 and 85,000 daltons. Four proteins with apparent molecular masses of 29,000, 41,000, 44,500 and 45,000 daltons were unique to the periplasm (Fig. 1,  lanes 4 to 7) . The cytoplasmic membrane (Fig. 1, lane 3) contained three major proteins (16,500, 56,000, and 85,000 daltons) which were also present in the periplasmic fraction. The outer membrane (Fig. 1, lane 2) and periplasmic fractions (Fig. 1, lanes 4 to 7) contained few proteins in common.
Soluble fractions obtained by FT, chloroform treatment, osmotic shock, or French press disruption of strain MS-1 cells contained substances with absorption spectra (Fig. 2 negative species, would prove useful in obtaining periplasm with minimal cell handling, e.g., with pathogens.
